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1976 KVICHAK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

Richard C .  Randall 
Alaska Department of F i sh  and Game 

D i v i s i o n  o f  Commercial F i she r i es  
Anchorage, A1 aska 

INTRODUCTION 

Studies aimed a t  determin ing the  age composit ion and r e l a t i v e  
magnitude o f  sockeye salmon smolt  (Oncorhynchus nerka) emigra t ing  from 
t h e  I l i amna  Lake-Lake C la rk  system have been conducted annua l ly  s ince  
1955. I n fo rma t i on  on smol t produc t ion  i s  used f o r  f o recas t i ng  the  age 
composit ion and magnitude o f  subsequent a d u l t  r e tu rns .  P r i o r  t o  1973, 
t h e  pr imary goal o f  t h e  program was t o  determine an index of t he  smolt  
ou tmigra t ion .  I n  1969, a  research and development p r o j e c t  was i n i t i a t e d  
t o  o b t a i n  a  t o t a l  ou tmigra t ion  es t imate  us ing  sonar equipment. Since 
1971, est imates o f  t h e  t o t a l  ou tm ig ra t i on  have been der ived  as a  r e s u l t  
o f  sonar enumeration (Russel 1  1972; Paul us and McCurdy 1972; Parker 1974a 
qnd 1974b3, 

Operat ion o f  t h e  o r i g i n a l  index program has been cont inued i n  
con junc t i on  w i t h  t h e  sonar t o t a l  ou tm ig ra t i on  program al though improvements 
have been made i n c l u d i n g  the  use o f  a  more modern sonar aper tu re  counter 
(Krasnowski, 1975). It i s  hoped t h a t  eventu,al ly a  r e l a t i o n s h i p  can be 
es tab l i shed  between the  index and the  t o t a l  ou tmigra t ion  est imate t h a t  
w i l l  pe rm i t  ana l ys i s  o f  h i s t o r i c a l  index data t o  o b t a i n  t o t a l  ou tmigra t ion  
est imates f rom pas t  years data. 

I n  t h i s  repo r t ,  Age I and Age I 1  a re  de f i ned  as smolt  t h a t  have 
spent 1 and 2  w in te rs ,  r espec t i ve l y ,  i n  t he  f reshwater  nursery lakes 
p r i o r  t o  emigrat ion.  It should a l s o  be noted t h a t  the  term " t o t a l  
ou tm ig ra t i on  est imate"  i s  an es t imate  o f  t he  ou tmigra t ion  on l y  f o r  t he  
p e r i o d  sampled. Sampling was conducted from May 15 through June 18, 
1976. I t  i s  be l i eved  tha t ,  i n  general ,  t he  b u l k  o f  t he  ou tmigra t ion  
occurs between these e a r l y  s p r i n g  sampling dates. 

1976 INDEX PROGRAM 

Mate r i a l  s  and Methods 

Except f o r  some modernizat ion o f  t he  gear, t he  index program has 
remained v i r t u a l l y  unchanged s ince  t h e  s tud ies  began i n  t he  middle 
1950's.  A 4 '  x 4 '  f yke  n e t  w i t h  a  sonar aper tu re  counter i s  f i s h e d  i n  a 
standard l o c a t i o n  and a t  a  water depth o f  3.8 f e e t .  The s i t e  i s  l oca ted  
approx imate ly  2-112 m i l e s  downstream from the  o u t l e t  o f  I l i amna Lake. 
The sonar counter  system cons i s t s  o f  two se ts  o f  h o r i z o n t a l l y  opposed 
t ransducers scanning t h e  4" by 18" aper tu re  on the  downstream end o f  a  
funnel a t tached t o  t h e  f yke  ne t .  The 18" beam angle t h a t  t he  transducers 
em i t  prov ides a  combined coverage o f  approximately 20% o f  t he  aper ture.  
Advantages o f  t h i s  equipment over t he  o l d e r  type and methods o f  opera t ion  
are  out1 i ned  i n  Parker ( 1  973b) . 



When conditions allowed, cal ibra t ions  of the  equipment were con- 
ducted t o  determine whether the  counters were functioning within acceptable 
1 imits  of the theoret ical  f ive  f i s h  per count level .  The average of 
these cal ibra t ions  was used t o  expand the aperture counts to  estimate 
the  number of f i s h  passing through the fyke net .  Calibration procedures 
a r e  described i n  Krasnows ki (1 975). 

Samples from fyke net  catches were used t o  determine mean lengths 
and weights and age composition of the.outmigration. To f a c i l i t a t e  the 
col lect ion of a random sample from the  outmigration, the  sampling design 
included the  collection.  of 300 smol t from each of s i x  5-day sampling 
periods during the  season. These smolt were collected 30 a t  a time from 
each of 10 randomly selected hours during the respective 5-day sample 
periods. The combined age compositon of the samples, determined from 
sca les ,  from each 5-day period was in turn appl ied t o  the t o t a l  
estimated numbers of smolt outmigrating during the  same corresponding 
period. This sampling design was markedly d i f f e r en t  from tha t  of previous 
years.  Previous sampl ing techniques a re  described in Randal 1 (1 976). 

Results 

Cl imatol ogi cal and Hydro1 ogi cal Observations 

Observations of prevailing weather and r i ve r  conditions were recorded 
a t  the  Barge Island f i e l d  s ta t ion  from May 18 through June 19 (Table 1 ) .  
Although a i r  temperatures were about normal fo r  t h i s  time of year water 
temperatures were the  coldest  encountered i n  4 years of the  same 
period. Unusually l a t e  breakup of lake ice  fo r  the  second consecutive 
year contributed t o  lowered water temperatures which ranged from 2°C t o  
9.5"C during the  33 day sampling period with an average of 3.8"C. 

Ice conditions on the  r ivers  immediately below the ou t l e t  of the 
lake were apparently some of the most severe in many years.  Ice jammed 
the  r i ve r  sol id ly  from the  o u t l e t  t o  Kaskanak Fla ts  a t  2030 on June 4 
and d i d n ' t  completely break up unt i l  1430 on June 8.  

Index Catch 

Fishing with the  index fyke net  commenced on the evening of May 21, 
was conducted da i ly  during the  t rad i t iona l  index hours of 2200 t o  0100 
(AST) and was extended every t h i rd  day t o  include 24-hours of consecutive 
f ishing (from 1200 t o  1200 the  following day). The f i r s t  day of f ishing 
on May 21 was a1 so designated as the  s t a r t  of s i x  5-day periods f o r  
the  purpose of analyzing age-weight-length samples. 

No f ishing of the  net  was possible on May 26-27 due t o  heavy ice  
flows. Cr i t i ca l  hours were missed on other days b u t  small catches 
suggested only a minimal outmigration of smolt had occurred pr io r  to  the 
l a t t e r  pa r t  of the  f i r s t  week of June. From June 4-9, the r i ve r  was 
again blocked w i t h  i ce  which prevented any f ishing of the  fyke net .  

The extended periods of heavy ice  flows, coupled w i t h  an intentional  
shortening of the  index f ishing schedule, resulted in a to ta l  of 139.1 
hours of actual f i shing out of a possible 273 hours planned fo r  t h i s  
season. Since only 51% of the scheduled f ishing time was possible t h i s  
season, l i nea r  in terpola t ions  f o r  numerous gaps in the schedule were 
required t o  a r r i ve  a t  a t o t a l  outmigration index. 



The calculated 24-hour index catch f o r  the  period 5/21-6/17 i s  
785,887 smol t (Table 2 ) .  Due t o  l a t e  breakup of i ce  on the lake the  
timing of the  outmigration was considerably l a t e r  and more intense than 
normal with over 79% of the catch occurring during a r e l a t i ve ly  shor t  
period from June 10-15. The da i ly  outmigration appeared t o  drop off  
d r a s t i c a l l y  following the  peak on June 14; however, some outmigration 
probably occurred a f t e r  the termination of the program s ince  the  da i ly  
index catch was 11,500 on the l a s t  day of f i shing.  

Sampling conditions were ideal during the peak catch period from 
June 10-15 and f a c i l i t a t e d  the  use of the sonar aperture counter on the 
fyke net .  Several ca l ib ra t ions  of the  sonar un i t  were conducted during 
this period t o  ver i fy  t h a t  the  un i t  was working properly and t o  determine 
an average smolt/count f a c to r  f o r  expansion of aperture sonar counts 
(Table 3 ) .  Calibrat ions ranged from 4.9 t o  7.2 w i t h  an average of 5.6 
smol t per count. 

A t o t a l  of 458 smol t was sampled f o r  determination o f  average age, 
weight, and length of t h i s  y e a r ' s  outmigrants. The estimated age composition 
of the index ou.tmigration was 98.1% Age I and 1.9 % Age I1 (calcula ted 
from a weighted average of the  age composition of catches f o r  six sampling 
periods during the  season.) The mean weight b age c l a s s ,  determined z from the  length-weight regression formula W=aL and a correction term 
based on the  variance of the  mean length (Pienaar and Ricker 1968), 
yielded a mean weight of 5.8 g .  f o r  Age I smol t (22 year average = 6.1 
g . )  and 14.2 g .  f o r  Age I1 m o l t  (22 year average = 10.9 g . ) .  The mean 
length by age c l a s s  f o r  the  season was 88.2 mm. f o r  Age I smol t (22 year 
average = 88.9 mm. ) and 120.8 mm. f o r  Age I1 smol t (22 year average = 
110.5 m m . ) .  

1976 TOTAL OUTMIGRATION PROGRAM 

Material s and Methods 

This y e a r ' s  program included a major modification in previous 
yea r s '  methods of deploying and monitoring the sonar gear used in counting 
smol t. Modifications i n  1976 included a new replacement sonar system 
consist ing of a s ing le  Bendix biomass counting un i t  which i s  equipped t o  
monitor a system of three  transducer arrays (with each array having a 
t o t a l  of 14 transducers) .  Electronic cables from the individual transducers 
a r e  a l l  connected t o  this s ing le  control un i t  which was monitored from a 
location on the  e a s t  bank. In an e f f o r t  t o  minimize the t h r ea t  of i ce  
damage t o  the  e n t i r e  system, each array was rigged with an independent 
cable system anchored t o  the  bottom of the r i v e r  about 150' upriver of 
the  ar ray (Fig 1 ) .  

Smolt passing over the sonar gear r eg i s t e r  counts on the control 
un i t s .  Every 15 minutes counts a re  e lec t ron ica l ly  to ta led and recorded 
on paper tape.  Counts a r e  logged on a continuous 24-hour a day bas is .  
Figure 2 shows the  da i ly  log w i t h  the s teps  f o r  ca lcula t ing the t o t a l  
da i ly  outmigration. Adjustments f o r  " fa lse"  counts caused by boats, 
r a i n ,  i c e ,  wind, malfunctioning transducers, e t c .  a re  made which r e su l t  
in t o t a l  adjusted counts (Step 1 ) .  These t o t a l  adjustment counts a r e  



mu1 t i p l i ed  by a velocity correction fac tor  (Step 2) which i s  a l inear  
adjustment of the  counting r a t e  r e l a t i ve  t o  t ha t  of the center array.  
The center array i n  1976 had an average water velocity reading of 5.2 
f e e t  per second ( fp s ) .  The inshore array velocity of 4.5 fps.  and the 
offshore velocity of 5.4 fp s . ,  when divided by the center array veloci ty ,  
resul ted i n  velocity correction fac tors  of 0.87 and 1.04 respectively.  
No sa t i s fac tory  technique f o r  f i e l d  cal ibra t ion of the sonar has been 
developed thus f a r ,  so the  theoret ical  10 f i s h  per count was used fo r  
the  next expansion fac tor  (Step 3 ) .  

An improved model of a narrow beam side-scanning sonar was tes ted 
on the  Kvichak River t h i s  year and proved useful in describing the d i s -  
t r ibu t ion ,  s i z e ,  r a t e  of travel  and r e l a t i ve  biomass of smolt schools 
passing down the  r i ve r .  This new version of the  side-scanning type of 
sonar includes a multiple d ig i t a l  printout feature  which permits a 
division of the  sonified f i e l d  i n to  twelve equal sections.  The u n i t  then 
converts accumulated sonar echos from each individual segment in to  a 
numerical f igure  which i s  in  turn recorded a t  regular in te rva l s  on 
pr in te r  paper. The un i t  helped determine t ha t  100 f t  of the  channel was 
not used by the  smolt (see  Fig. 1 ) .  The 210 f t  of channel remaining was 
divided in to  three  sect ions ,  each centered on an array:  inshore = 80 
f t ,  center  = 53 f t ,  and offshore = 77 f t .  The r i ve r  expansion fac tors  
(Step 4) were calculated by dividing each section by the 12 f t .  coverage 
of the array.  The three  r i ve r  expansion factors  were: inshore = 6.7, 
center = 4.4, and offshore = 6.4. 

Results 

The peak of the Kvichak River smolt outmigration typ ica l ly  occurs 
p r io r  t o  June 1 .  This year l e s s  than 2% of the season's  t o t a l  was 
accounted f o r  by t h i s  date. The majority of the  outmigration occurred 
during the  5 dqys immediately following termination of ice  flows. The 
da i l y  passage r a t e  began picking u p  on June 8-9 and peaked two days 
l a t e r  with a da i ly  t o t a l  of about 28 million m o l t  on June 10-11. After 
June 15 the  da i ly  outmigration dropped t o  around 1 mil l ion smelt o r  
lower and continued a t  t h i s  r a t e  unt i l  the sonar gear was removed from 
the  r i v e r  on June 18 (Table 4 ) .  

The t o t a l  outmigration estimate f o r  the period sampled was almost 
103 million smolt of which approximately 100 million (97.2% of the  
t o t a l  ) were Age I smol t from the  1974 brood year of 4,4 m i  11 ion spawners 
(Table 5 ) .  
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Table 3. Sonar aperture counter ca l ib ra t ions ,  Kvichak River, 1976. 

Sonar Weight of F i s h  per Total Elapsed Rate Fish per 
Date counts catch (1 b) pound catch time (min) (fish/min) count 



Table 4. Kvichak River da i ly  sockeye salmon smolt counts by a r ray ,  1976. 1/ - 

Date Inshore Center Offshore 
1 1  200-1 200 Array Array Array To t a  1 

Total 28,255,286 38,164,939 36,397,702 102,817,927 

Percent of Total 27.5% 37.1% 35.4% 

I /  Counts include in terpola t ions  f o r  missed time, expansions f o r  - 
unsonified areas  between arrays  and adjustments f o r  water veloci ty  
di f ferences .  

21 Counts from 2100 hrs, May 22 thru 1200, May 23. - 



Table 5. Kvichak River  sockeye salmon smol t outmigrat ion by day and age class, 1976. 

Date Age I Smol t Age I1 Smolt Tota l  Outmi g ra t i on  
(1 200-1 200) Number Percent Number Percent Number Percent 

Total  99,890,123 97 2,927,804 3 102,817,927 100.00 

I/ From 2100 May 22 u n t i l  1200 May 23. - 



1976 NAKNEK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

BY 
Donald L. B i l l  

Alaska Department o f  F ish and Game 
D i v i s i o n  o f  C o n e r c i  a1 F i she r ies  

P.O. Box 37 
King Salmon, Alaska 99613 

INTRODUCTION 

This was the  t w e n t y - f i r s t  yea r  t h a t  t he  Naknek R ive r  sockeye salmon, 
(Oncorhynchus nerka) smolt  study has been conducted. The o b j e c t i v e  o f  the  
program i s  t o  m n  an est imate o f  the  age composit ion and number o f  ou t -  
m ig ra t i ng  smol t  t o  be used as an a i d  i n  f o recas t i ng  a d u l t  re tu rns  and 
d e f i n i n g  optimum escapements. The p r o j e c t  was i n i t i a t e d  by the  U.S. F ish  
and W i l d l i f e  Service i n  1956 and t r a n s f e r r e d  t o  the  Alaska Department o f  
F ish  and Game i n  1966. The study has remained r e l a t i v e l y  unchanged du r ing  
the e n t i r e  per iod .  

MATERIALS AND METHODS 

Standard fyke nets 4 f e e t  wide and 4 t o  7 f e e t  deep were f i s h e d  du r ing  
the  1976 season. The nets were suspended from a cable s t re tched across the  
r i v e r  bottom a t  a l o c a t i o n  approximately 8-3/4 mi les  below the  o u t l e t  o f  
Naknek Lake. L i v e  boxes were used dur ing  both the  random and index sched- 
u l  es t o  minimize smol t m o r t a l i t y  (McCurdy , 1972). 

I n  1957 and 1958, the  e n t i r e  r i v e r  was sampled t o  determine the most 
p roduct ive  s i t e s .  Data obta ined f rom t h i s  e f f o r t  i n d i c a t e d  t h a t  88% o f  t h e  
e n t i r e  ou tmigra t ion  passed w i t h i n  the  s i x  s i t e s  now used. The most produc- 
t i v e  i n d i v i d u a l  s i t e  (no. 4 )  was used as an index s i t e  (McCurdy, 1969). 

The bas ic  f i s h i n g  schedule based f o r  the  l a t i n  square scheme i s  3 days 
long. The f i r s t  day, a l l  s i x  s i t e s  are f i s h e d  f o r  1-112 hours each i n  a 
random schedule f rom 2100 t o  0600 hours. The second day the  random schedule 
i s  again f i s h e d  i n  a d d i t i o n  t o  the  index s i t e  which i s  f i s h e d  contl:.nually 
f o r  24 hours. There i s  no f i s h i n g  the  t h i r d  day. 

A t o t a l  o f  569 smolt  samples was c o l l e c t e d  from the random and index 
s i t e s  t o  determine age and lengths  and 227 were sampled f o r  weight.  The 
sampling schedule was changed f o r  t he  1976 season by d i v i d i n g  the  outmigra- 
t i o n  p e r i o d  i n t o  9-day segments and ob ta in ing  300 samples f o r  each segment. 
Sampling hours were chosen i n  a random manner us ing  on ly  those hours when 
fyke nets  were a c t u a l l y  f i s h i n g  e i t h e r  the  random o r  index schedule. Because 
n o t  enough samples were being obta ined f o r  each 9-day segment us ing the  
random schedule, the  schedule used i n  a l l  previous years was p u t  back i n t o  
e f f e c t  on June 12. This schedule consis ted o f  c o l l e c t i n g  20 samples a f t e r  
midnight  on each n i g h t  f ished.  



RESULTS 

Cl i matologi cal and Hydro1 ogi cal Data 

Table 1 contains the mean water and a i r  temperatures during the 1976 
f i e l d  season. Peak outmigration occurred on June 4-5 when the average water 
temperature f i  r s t  exceeded 10%. 

During the  f i r s t  3 weeks of operation the water level was extremely 
low. The t o t a l  r i s e  i n  water depth from i n i t i a t i o n  t o  termination of the 
project  was 6.4 f e e t .  

Age, Weight , and Length Data 

Results of age determination indicate  t ha t  38.8% (330,312) of the out- 
migration during the study period was composed of Age I smol t , 60.3% (1,290,408) 
Age I I smol t , and 0.9% (1 9,260) Age I I I smol t (Tab1 e 2 ) .  

Age I smol t averaged 7.2 grams, Age I I smol t averaged 13.4 grams and 
Age I11 smol t averaged 22.2 grams (Table 3) .  The average weight of Age I 
smolt i s  the second lowest i n  the  p ro j ec t ' s  history.  The average weight of 
Age I1 smol t was s l i g h t l y  above average. 

Average length was 91 mm f o r  Age I smolt,  107 mm f o r  Age I1 smolt,  and 
131 mm f o r  Age 111 smolt (Table 4 ) .  Average lengths f o r  both Age I and Age 
I1 smol t were much lower than the h i s to r ica l  average. 

Random Catch 

The random f ishing scheme began on May 22 and ended on June 26. During 
t h i s  period a t o t a l  of 33,216 smolt were captured. Nearly half of t h i s  
catch was obtained a t  the  index s i t e  ( s i t e  4 ) .  The major peak day was on 
June 4-5 when 11,227 smolt o r  33.8% of the t o t a l  ca tch,  were trapped. A 
second smaller  peak occurred on June 13-14 when 4,787 smol t , o r  17.4% of 
the  t o t a l  catch,  were trapped. Table 5 contains the r e su l t s  of the  random 
f ishing schedule. 

The t o t a l  outmigration estimate f o r  the period sampled i n  1976 i s  
2,139,890 smol t . This est imate was cal cul ated by expanding the average 
90 minute catch per sampling s i t e .  The t o t a l  random catch f o r  the season 
i s  used t o  determine the average 90 minute catch (VanValin, 1969). 

Index Catch 

Table 6 contains the r e su l t s  of the index f ishing scheme. The t o t a l  
catch made during the index f ishing scheme was 44,282 smolt. Peak catches 
were made on June 4-5 and June 13-14. A t o t a l  of 95.1% of the smolt out- 
migrated during the random f ishing hours of 2100-0600. 



Edi t o r ' s  Note : 

This year (1976) wil l  be the  l a s t  year t ha t  the Naknek River sockeye 
salmon smol t s tudies  will be operated as a fyke net  project .  Beginning 
i n  1977, a smolt enumeration project  using sonar will be i n i t i a t e d  on the 
Naknek River. Tt i s  anticipated t ha t  the smol t outmi g ra t i  on estimates 
developed from the sonar project  will be more accusate and consistent  than 
former estimates. The former estimates are believed t o  be invalid because, 
when re1 ated t o  appropriate adult  re turns ,  they r e su l t  i n  unreal i s t i  cal l y  
high marine survival f igures .  Since the primary purpose of salmon out- 
migration enumeration programs i s  t o  aid i n  forecasting adul t  re turns ,  i t  
i s  important t o  upgrade old programs and use the  l a t e s t  techniques t o  pro- 
vide the  most r e l i ab l e  information possible. 
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T a b l e  1 .  Mean w t e r  and a i r  t e m p e r a t u r e s  by d a t e ,  Naknek R i v e r ,  
1 9 7 6 . 1  7 

Mean Water Mean A i r  
Date  T e m p e r a t u r e  " C  Tempera tu r e  " C  

May 2 2 - 2 3  7 . 7  1 .9  
2 3 - 2 4  6 . 8  4.6 
2 5 - 2 6  4 . 6  0 .6  
2 6 - 2 7  5 . 0  - 0 . 8  
2 8 - 2 9  5 . 9  2 .8  
2 9 - 3 0  6 .7  - 0 . 3  
31-June 1  7.8 4 .8  
1 - 2  8.1 6 .8  
3 - 4  9 .7  6 . 0  
4 - 5  1 0 . 2  1 0 . 1  
6 - 7  9 .4  4.5 
7 - 8  1 0 . 8  4 .6  
9 - 1  0  8 . 4  7.3 
1 0 - 1 1  9 .6  5 .4  
1 2 - 1 3  1 1 . 5  5 .8  
1 3 - 1 4  1 0 . 8  7 .9  
1 5 - 1 6  1 1 . 8  7 .8  
1 6 - 1 7  1 1 . 9  7 .8  
1 8 - 1  9  1 0 . 8  6 .7  
1 9 - 2 0  1 2 . 1  5 .6  
21 - 2 2  1 2 . 8  5 .7  
2 2 - 2 3  1 1 . 7  7 .8  
2 4 - 2 5  1 1 . 6  4 .4  
2 5 - 2 6  1 2 . 3  4 .6  

1 /  Both w a t e r  and a i r  t e m p e r a t u r e s  were r e c o r d e d  f o r  e ach  90 -  - 
m i n u t e  f i s h i n g  p e r i o d  d u r i n g  random h o u r s .  
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1976 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

Paul Krasnows ki 
Alaska Department of F i s h  and Game 

Division of Commercial Fisheries 
Anchorage, Alaska 

INTRODUCTION 

The Wood River smolt project  was i n i t i a t e d  i n  1951 t o  obtain 
an abundance index of the annual sockeye salmon smolt outmigration. 
The project  was not operated i n  1968, 1971, and 1972. In 1967, 1969, 
and 1970, i t  was operated i n  conjunction with the Bureau of Commercial 
Fisheries Smolt Marking Program. The index project  was terminated 
i n  1972 because the re la t ionship  between the outmigration index and 
the eventual re turns  of adul t  sockeye salmon was found t o  be extremely 
var iable  and, therefore ,  of l i t t l e  value in forcas t ing the magnitude 
of fu tu re  runs. 

In 1975, $600,000 was appropriated by the Alaska Legislature t o  
invest igate  rehab i l i t a t ion  opportunit ies f o r  the sockeye salmon runs t o  
the Wood River Lakes. To adequately evaluate the management options 
based on the r e s u l t s  of the  component projects ,  i t  was deemed necessary 
t o  determine a t o t a l  outmigration est imate of smolt migrating from the 
Wood River system. 

The r e su l t s  of 1975 s tudies  indicated t h a t  smolt d i s t r ibu t ion  a t  
the  Wood River sonar s i t e  i s  not random. The inshore array (array I ) ,  
located 50 f e e t  from the  north bank, consis tent ly  enumerated more smolt 
than the offshore ar ray (a r ray  11) located 110 f e e t  from the shore. 
Addit ionally,  information derived from both the side-scanning sonar and 
the  bottom sonar ar rays  demonstrated a marked s h i f t  of the predominate 
migration path; inshore during l a t e  evening, and offshore in the ea r ly  
morning. Apparently the  a r rays ,  although sampling l e s s  than 10% of the 
r i v e r  volume, enumerated f a r  more than 10% of the t o t a l  outmigration. 
Because of the  i n a b i l i t y  t o  est imate the  proportion of the smolt enumerated 
by the  a r rays ,  the  sonar count data could not  be expanded t o  est imate 
t o t a l  smolt passage (Krasnowski 1976). T h i s  project  was continued in 
1976 with the  spec i f i c  objectives of estimating the number, age composition 
and s i z e  of the  smolt emigrating from the Wood River system. 

METHODS AND MATERIALS 

The components and operation of the  Wood River smolt sonar system 
a r e  described by Krasnowski (1 976). Two addit ional  arrays were added 
t o  the  sonar system in 1976, t o  be t t e r  est imate smolt d i s t r ibu t ion  
across the r i ve r .  Arrays I and I1 were placed in the same posit ion as 
i n  1975. Arrays I11 and IV were positioned 160 f e e t  and 200 f e e t ,  
respect ively ,  from the  north bank and generally in 1 ine with arrays I 
and 11. 



Manpower l imi ta t ions  prevented operation of the sonar gear on a 24- 
hour per day bas is .  During each 5-day sample period (120 hours) the 
sonar was operated f o r  75 hours. Each sample period was divided i n to  
3-hour blocks. The sonar gear was operated each night  from 9:00 pm 
t o  3:00 am (10 3-hour blocks per sample period) because the  majority 
of the 1975 counts had occurred during t h i s  in te rva l .  The remaining 15 
3-hour blocks of sample time were se lected randomly with the probabi l i ty  
of se lec t ing  a block between 3:00 pm t o  9:00 pm or  3:00 am t o  9:00 am 
twice the  probabi l i ty  of se lec t ing  an in terval  between 9:00 am and 3:00 pm. 

Since the  majority of the  counts in 1975 had been enumerated by 
a r ray  I ,  i t  was operated whenever the  sonar gear was operational .  
Arrays 11, 111, and IV were operated in random sequence f o r  15 minute 
i n t e rva l s  w i t h i n  each 3-hour time block. Counts recorded f o r  arrays 
11, I1 I ,  and IV were expanded f o r  time not operational ,  y ie lding hourly 
est imates of counts f o r  each array.  Total hourly counts f o r  hours not 
sampled were estimated by l i nea r  in terpola t ion.  

Since the  r i v e r  a t  the sonar s i t e  i s  subject  t o  t i da l  influence,  
r i v e r  veloci ty  f luc tua tes  continually w i t h  the ebb and flood. The 
di f ference between actual  r i v e r  veloci ty  and the  4.5 f e e t  per second 
veloci ty  s e t  on the  e lec t ron ics  causes the e lec t ronics  t o  undercount o r  
overcount in d i r e c t  proportion t o  the  r a t i o  of the veloci ty  s e t  on the 
e lec t ron ics  t o  the  actual  r i v e r  veloci ty .  In order t o  develop a s t a t i s t i c a l  
veloci ty  model t o  est imate hourly ve loc i t i e s  and correct  a l l  hourly 
counts, lake depths were recorded a t  the ADF&G cabin a t  Lake Aleknagik 
s i x  times da i ly  and r i v e r  depth was recorded every 15 minutes a t  the 
sonar s i t e .  Over the  course of the  season, 82 r i ve r  veloci ty  measurements 
were made a t  a depth of 12 inches behind array I using a pygmy Gurley 
meter. Additionally, velocity measurements were made sequent ia l ly  
behind the four  ar rays  on 22 occasions t o  determine the  r i ve r  ve loc i t i e s  
a t  each array r e l a t i v e  t o  those of a r ray  I .  

Raw count data expanded f o r  the  times not counted, were corrected 
f o r  hourly r i v e r  veloci ty  changes and expanded f o r  the theoret ica l  f ive  
f i s h  per count r a t e  (Krasnowski, 1976). Since each array sonified an 11 
foo t  section of the r i v e r ,  hourly counts f o r  each array were divided by 
11 t o  convert the  data t o  fish density (passage per f o o t ) .  Assuming 
zero f i s h  passage a t  the  banks, t h i s  density a t  the  mid-point of each 
a r ray ,  was used t o  construct  a s e r i e s  of t r i ang les  and trapezoids (Figure 
1 ) .  The sum of t h e i r  areas  was used as  an hourly est imate of t o t a l  
outmigration across the  r ive r .  

Smolt were col lec ted f o r  age-weight-length analys is  w i t h  a beach 
se ine ,  near the  o u t l e t  of Lake Aleknagik. Five samples of approximately 
60 smolt each were col lec ted during each sample period. Times f o r  
sampling were se lected randomly with p robab i l i t i e s  roughly proportional 
t o  the  magnitude of the outmigration during those hours l a s t  year .  
However, because i t  was d i f f i c u l t  t o  obtain enough f i s h  during the  
se lected hours, the  random sampling scheme was abandoned on June 14-15 
and the  60 f i s h  were col lec ted a t  0100 every night .  Each smolt was 
measured f o r  fork length and gross external observations were made fo r  
signs of parasi t ism by Triaenophorous crassus.  Means and variances of 
lengths were calculated using formulae fo r  s t r a t i f i e d  samples w i t h  
unequal sample s i z e s .  Mean weights f o r  each age group were t o  be 
calculated on the basis  of a length-weight regression (w=alb),  and a 
correct ion f ac to r  t o  obtain an unbiased estimate of mean weight (Pienaar 
and Ri cher , 1968) . 



RESULTS 

Hydro1 ogy 

Stream temperatures were recorded a t  the sonar s i t e  a t  midnight 
each sample day. Temperatures are  1 isted in Table 1 and plotted in 
Figure 2 .  

The r iver  velocity model developed to correct the 1975 data (Krasnowski 
1976) was modified s l ight ly  to  simplify the correction of the 1976 smolt 
counts. Two components of r iver  depth ef fec t  the velocity of the 
r iver ;  fluctuations in lake level and t ide  stage. The model requires an 
estimate of daily mean water depth a t  the sonar s i t e ,  i . e .  an estimate 
of daily depth which avoids t idal  influence. The r iver  fluctuates 
several f ee t  from ebb t o  flood whereas the lake a t  the ADF&G cabin 
fluctuates only inches. Lake depth was measured s ix times daily and the 
dai ly  mean lake depths taken over the course of the season were f i t t e d  
to  the following equation using l eas t  squares techniques: 

where EL = daily mean depth of the lake measured a t  the cabin 

X1 = time in days using June 3 ,  1976 = day 1 

Although r iver  depth fluctuates more widely than lake depth, there 
i s  a s ignif icant  l inear  relationship between daily mean depths of the 
r iver  and the lake: 

where = daily mean r iver  depth 
R 

X = daily mean lake depth 
2 

By substi tuting, equatjon [ I ]  for  X in equation [2], an estimate ii of daily mean r iver  depth ( D R )  can be ma e ,  essent ial ly  ignoring t idal  
influences, as a function of time in days: 

where X I  = time in days, and June 3 = day 1 

In analyzing the 1975 data, a regression was calculated which 
related the velocity measurements to  the daily mean depth of the r iver  
(^DR) and the t ide  stage published for  Clark's Point 2 hours prior.  
This t ide  time lag was estimated from depth fluctuations a t  the sonar 
s i t e ;  they were, however, quite variable. To avoid th i s  problem, the 
1976 velocity data were f i t t e d  t o  a multiple regression with aR as one 
dependent variable and the difference between DR and the depth above 
array I as a second dependent variable: 



where = velocity measured over array I 
I\ 

I 
D I  = depth measured over array I 

Sonar Enumeration 

The four sonar arrays were ins ta l l ed  i n  the  r i ve r  on May 30. The 
counter was operated in termit tent ly  through June 9 when the  counts 
became frequent enough t o  begin the  sonar sampling schedule. Counting 
was terminated on August 8 and the  gear was removed from the water. 
Table 2 l i s t s  the  corrected counts by array by day fo r  the  1976 season. 
Of the  corrected t o t a l  of 2,395,175 counts, 49% were recorded by array 
I ,  30.2% by array 11, 11.7% by array I11 and 9.1% by array IV. Daily 
outmigration estimates a re  shown i n  Figure 3. The dai ly  outmigration 
est imates based on these counts and the  expansion techniques described 
above were grouped i n to  the five-day sample periods and the age composition 
est imates derived from the beach seine samplings were applied. Table 3 
l i s t s  the  estimated outmigration by sample period and age group. Mean 
lengths by sample period a r e  shown i n  Table 4. Weighted mean lengths 
were 83.5 mm f o r  Age I and 94.9 mm f o r  Age I1  smolt. 

Because of an oversight i n  the  age-weight-length sampling, weights 
were measured only f o r  the  samples taken through June 12. Because the 
smolt sampled a t  Mosquito Point a r e  from several d i s t i n c t  rearing basins, 
the  r e su l t s  of the  weight sampling a r e  probably representative only of 
the  e a r l i e s t  portion of the  outmigration. Mean weight f o r  age I smolt 
col lected through June 12 was 3.5 grams. Because only 14 age I1 smolt 
were collected a weight length regression was not calculated.  The 
sample mean weight f o r  Age I1  smol t was 7.7 grams (s, = 1.40). 

Expansion of 1975 Data 

As previously discussed, the  1975 sonar count data were based on 
two arrays  ( I  and 11) and were not su f f i c i en t  t o  estimate smolt outmigration 
across the r i ve r .  The 1976 data were examined t o  determine the re la t ionship  
of the  counts recorded by arrays I and I1 t o  the outmigration estimate 
f o r  the same time period based on a l l  four arrays.  The resu l tan t  l e a s t  
squares l i nea r  regression i s  l i s t e d  below: 

where 9 = da i ly  outmigration estimate 

X = t o t a l  counts f o r  array I + I1 



The t o t a l  da i ly  counts f o r  the  1975 data were expanded t o  give an e s t i -  
mate of outmigration by day f o r  the 1975 season. Age composition data were 
applied t o  give estimates of outmigration by age c lass .  These data are 
sumnarized i n  Table 5. Table 6 summarizes the smolt outmigration data from 
1975 and 1976. Table 7 shows smolt production by brood year.  The 1973 
brood year appears t o  have produced approximately 20.0 m o l t  per spawner. 
For compari son, the Kvi chak River smol t program, operating with simi 1 a r  
equipment has provided estimates of 18.2, 13.7 and 17.2 smol t per spawner 
f o r  the  brood years 1970, 1971 and 1972, respectively (ADF&G unpublished 
da ta ) .  
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Figure 2. Stream temperatures recorded a t  llood River sonar s i t e ,  1976. 

August 
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Figure 3. Wood River srnolt outmigration by date, 1976. 

August 





Tab1 e 2 . Sonar counts by a r r a y ,  Wood R i  v e r y  1976. 

Array Number Total 
Date I I I I I I I V Counts 

June 9-10 
10-11 
11-12 
12-13 
13-14 

29-30 
June 30-July 1 

1-2 
2-3 
3-4 

Conti nued 



Table 2 . Continued 

Array Number Total 
Date I I I I11 I V Counts 

29-30 5,819 4,528 2,661 2,771 15,779 
30-31 12,606 11,348 6,902 10,128 40,984 

J u l y  31-Aug~st  1 3,801 3,726 2,540 2,918 12,985 
1-2 5,554 6,048 3,190 2,592 17,384 
2-3 15,487 15,198 5,407 2,469 38,561 

Total s 1,174,784 722,387 281 ,143 21 6,861 2,395,175 

49.0% 30.2% 11.7% 9.1% 100.0% 



Table 3. Estimated smol t outmigration by age c l a s s  and sample period,  
Wood River,  1976. 

Sampl e Age I Age I1  
Period No. % No. % Total 

June 9-14 

June 14-19 

June 19-24 

June 24-29 

June 29-July 4 

J u l y  4-9 

J u l y  9-14 

J u l y  14-19 

J u l y  19-24 

J u l y  24-29 

J u l y  29-August 3 

August 3-8 

Total 20,281 ,399 95.5 962,811 4.5 21,244,210 



Table 4. Sample s i ze ,  mean lengths ( i n  mil l imeters) ,  and variance fo r  Age I 
and Age I1  sockeye salmon smolt by sample period, Wood River, 1976. 

Age I - Age I1  
Sampl e Peri od n x n - 

s X s 

June 9-14 

June 14-19 

June 19-24 

June 24-29 

June 29-July 4 

July  4-9 

July  9-14 

July  14-19 

July  19-24 

July  24-29 

July  29-August 3 

August 3-8 

Total 1623 83.5 .03 78 94.9 13.9 



Table 5 .  Smolt outmigration by age c l a s s  and sample period,  Wood River ,  
1975. 

Sampl e Age I Age I1 
Period No. % No. % Total 

June 12-18 1,205,961 99.0 12,181 1 . O  1,218,142 

June 18-23 643,112 94.2 59,597 5.8 682,709 

June 23-28 752,260 85.0 132,752 15.0 885,012 

June 28-July 3 707,323 81.6 159,494 18.4 866,817 

Total  5,591,153 82.6 1,178,381 17.4 6,769,534 



Table 6. Summary of t h e  Wood River smol t outmigrat ions,  1975 and 
1976 (number of f i s h  x l o 6 ) .  

I Year of Age Age 
IOutmigration I I I Total 
I 

Table 7.  Smolt pro uction by brood yea r ,  Wood River (number of g f i s h  x 10 ) ,  

Brood Age Age I I year Escapement I I I Total 
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